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Abstract 23
Background: Human gut microbiome profiles have been associated with 24 human health and disease. These profiles have been defined based on 25 microbes' taxonomy and more recently, on their functionality. Human groups 26 that still maintain traditional modes of subsistence (hunter-gatherers and rural 27 agriculturalists) represent the groups non-impacted by urban-industrialized 28 lifestyles, and therefore study them provide the basis for understanding the 29 human microbiome evolution. The Yanomami is the largest semi-nomadic 30 hunter-gatherer group of the Americas, exploring different niches of the Amazon 31 rainforest in Brazil and Venezuela. In order to extend the analysis of this unique 32
and diverse group, we focused on the gut microbiome of the Yanomami from 33
Brazil and compared with those from Venezuela, and also with other traditional 34 groups from the Amazon, considering taxonomic and functional profiles. 35
Results: A diversity of taxonomic biomarkers were identified to each South 36
American traditional group studied, including the two Yanomami groups, despite 37 their overall similarity in the taxonomic gut microbiome profiles. Broader levels 38 of functional categories poorly discriminated traditional and urban-industrialized 39 groups. Interestingly, a diversity was observed with the stratification of these 40 categories, clearly segregating those groups. The Yanomami/Brazil gut 41 microbiome presented unique functional features, such as a higher abundance 42 of gene families involved in regulation/cell signaling, motility/chemotaxis, and 43 virulence, contrasting with the microbiomes from the Yanomami/Venezuela and 44 other groups. There was no statistically difference between the Yanomami/Brazil and 150
Yanomami/Venezuela regarding intra and inter diversity (alpha-and beta-151 diversity, respectively) of gut microbiome, although the group from Brazil had 152 the lowest alpha-diversity values. However, the Yanomami individuals showed 153 the lowest bacterial alpha-diversity among the traditional groups and all the 154 traditional human groups presented higher bacterial diversity compared to the 155 urban individuals (Figure 2a ). Regarding the beta-diversity, the Yanomami/Brazil 156 presented the highest interpersonal variation, and the urbans presented the 157 lowest, although there was no significant difference with the 158 
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In order identify which bacterial and archaeal taxa differentiate the 168 traditional groups from the urban group, the microbiomes were compared at 169 both phylum and genus scales. Thirty-two bacterial phyla were identified, with 170 16 phyla having significant differences in the relative abundances among the8 groups (Kruskal-Wallis test: P < 0.0001). Considering the traditional and urban 172 groups, a clear difference at the phylum level was observed, with the former 173 having a higher biodiversity characterized by Firmicutes, Proteobacteria, 174
Bacteroidetes and Spirochaetes, while the urban group is mainly characterized 175
by Bacteroidetes (Figure 3a) . 176
The Yanomami/Brazil as well as the other traditionalists individuals follow a 177 trend in which they have higher Firmicutes and lower Bacteroidetes levels, while 178 the opposite was observed in the urban individuals (Figure 3b The most abundant metabolic functions present in the microbiome of all 216 groups at the level 1 were the metabolism of carbohydrates and proteins, while 217 the membrane transport was also a main function in the urban group, but was 218 depleted in the traditional groups (Figure 4b ). We observed differences in the 219 carbohydrate metabolic functions between the traditional and the urban groups. 220
At level 2, the main carbohydrate metabolic functions in the traditional groups 221 belonged to the central carbohydrate metabolism, with functions as pyruvate 222 metabolism and glycolysis/gluconeogenesis being the most predominant; while 223 in the urbans, the major functions were the monosaccharides and di-224 /oligossacharides metabolism (Figure 4b) . In monosaccharides metabolism, 225 there was also differences between the groups: D-galacturonate/D-glucuronate 226 and xylose use were the most abundant functions in the traditional groups, 227 while mannose metabolism was the most abundant in the urban group. The di-228 /oligosaccharides microbiome metabolism of US individuals is mainly driven by 229 functions associated with lactose utilization, which was depleted in the 230 microbiome of traditional groups. Regarding protein metabolism, there was no 231 difference among the groups' microbiome, with the most abundant functions 232 being those associated with protein biosynthesis and degradation. We also 233 observed differences in metabolic pathways related to cofactors, vitamins, 234 prosthetic groups and pigments among the groups, the major gene families 235 found in the microbiome of the Yanomami/Brazil and Yanomami/Venezuela 236 were associated with folate/pterines, in the Matses and Tunapuco was 237 riboflavin, and in the US group was tetrapyrroles (Figure 4b ). Matses and Tunapuco, respectively, are butyrate-producing bacteria. Butyrate is 294 an anti-inflammatory short chain fatty acid (SCFA) that induces mucin synthesis, 295 contributing to colon health and gut integrity [25, 26] . In contrast, the urban-296 industrialized biomarkers produce SCFAs other than butyrate, such as 297 propionate, acetate, and succinate, which, in high proportions, may increase gut 298 permeability, leading to a further unhealthy status [27] . Other biomarker of the 299
Yanomami/Brazil group is Akkermansia, a mucin degrader, which has been 300 associated with healthier metabolic status and better clinical outcomes [28, 29] . 301
Broader levels of functional categories poorly discriminated traditional and 302 urban-industrialized groups. Interestingly, the stratification of these categories 303 clearly segregated those groups. Differences were identified at level 3 of 304 monosaccharides metabolism, where the main functions in the traditionalists 305 and urbans were xylose and mannose metabolism, respectively. Xylans and 306 14 Folate is associated with high-fiber and low-fat diets [35] , which agrees with 322
Yanomami diet from the present study. importance of the study, the procedures to be carried out and finally requested 365 permission by fingerprint consent of each participant. Participants were 366 requested to provide a morning faecal sample and a labelled screw-capped 367 plastic container was provided. A single stool sample was collected from each 368 subject on the following day and samples were stored in separate sterile feces 369 containers. At the time of the collection, age and sex information of the 370 individuals were also acquired. These details are summarized in Table S1 . These datasets were sequenced on Illumina plataforms and bioinformatic 393 processing was performed in parallel with the data generated in this study. 394
Taxonomic classification was performed by Kraken [42] , using a database 395 of whole genomes of bacteria and archaea from NCBI. Functional classification 396
